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Abstract 
The paper outlines a new method of calculating the residual service life of reinforced concrete bridge structures, which focuses on 
identifying and validating the values of the significance coefficients for each structural member of the bridge. An example of the 
calculation is given which explains and makes the main provisions of the method affordable and understandable, thus confirming its 
real practical importance. 
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1. Introduction 
The Russian regional and federal roads have over forty thousand reinforced concrete bridge structures, differing 
in design solutions, design standards, and construction technology, and working in different climatic conditions. 
Safe operation of the bridges commissioned in1950s-1960s has to be based on the timely implementation of 
preventive maintenance and repair to ensure reliability and durability of the bridges. 
To effectively manage the bridges on the regional roads, you need both to know the technical condition of the 
facilities at the moment and to be able to predict the possibility of future changes. This confirms practical 
importance of research-based prediction of the residual service life of the structure. 
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The term "residual service life" was not widely used in the middle of the twentieth century. It was reliability and 
safety design analyses of buildings and structures that researchers tended to be mainly concerned with for many 
years. Currently, the residual service life analysis includes determination of various parameters such as reliability, 
durability, dependability, risk of reaching the limit state and others. 
In 1924, N.N. Streletsky [1] identified three factors that determine the safe operation of facilities: variability of 
material properties, variation of loads, and an engineering correction for the accuracy and quality of the fabricated 
structures. He proposed a universal method for estimating the optimal service life, defined by a minimum operating 
cost. 
A great contribution to the development of the theoretical principles of assessing reliability was made by V.V. 
Bolotin, A.I. Rzhanitsyn et al. [2, 3]. V.V. Bolotin applied the theory of stochastic processes to address the 
reliability issues based on time factor and formulated the principles of modern design theory. It was founded on the 
assumption referring to the condition of the facility as a result of its interaction with the environment. Further this 
approach was developed in the works of E. Vesicare, A. Sarria, S.A. Tamashev, Yu.D. Sukhov, N.N. Skladnev et al. 
[4-6]. 
V.D. Raiser used probabilistic models of climate-relevant and technological loads to rate them and developed 
methods for calculating failure probability and assessing the reliability of structures under uniform and non-uniform 
corrosion-caused deterioration [7]. He also introduced deterioration function in the condition determining non-
failure of a structure. 
Probabilistic methods for estimating the reliability and durability were improved by O.V. Luzhin and A.P. Kudzis 
[8-10]. In Germany, the mathematical modeling of random properties of structures and loads on them was dealt with 
by G. Shpete [11]. 
The theory that takes into account the time factor was developed by V.P. Chirkov, I.T. Mirsayapov, E.A. Guzeev, 
B.S. Rastorguev, and L.M. Pukhonto [12-15]. The methods developed within the framework of this theory allowed 
assessing the reliability of the decisions taken, the probability of the decisions to be realized, economic and social 
risks in case structural failure occurred or limit state was reached, as well as predicting by calculation the service life 
of reinforced concrete structures based on their technical condition. 
Methods of calculating the residual service life of reinforced concrete structures were offered by V.P. Chirkov 
[14]. 
The issues of reliability and residual service life of bridge structures have been brought up since mid-1990s in 
bridge and road construction practices. A great contribution to the development of the theory of reliability and 
residual service life of bridges was made by V.I. Shesterikov and A.I. Vasiliev [16-22]. 
However, an overview of existing methods and approaches to assessing the residual service life of buildings and 
facilities has shown that many of them have the same algorithm, and some are difficult to apply in practice. 
2. Methodology algorithm 
As is well known the concept of reliability [23] can be represented as a series of time intervals: iWT  -facility in-
service time and iFT - time during which the facility is in a state of failure or repair. 
To evaluate the reliability, coefficient of readiness for operation ɄRtU is used, which is expressed by the ratio of the 
facility uptime to its lifetime: 
1
1 1





  (1) 
Currently, when estimating durability for practical purposes, the only certified parameters of reliability are safety 
factors used in building regulations [24]: 
km- for material strength; kf- for loads; kc- for working conditions; kn - for the purpose intended. 
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All these factors can be reduced to one ultimate factor of safety of the facility: 
0k k k k km c nf      (2) 
However, the factor changes while the facility is in service. 
As a result, after several years of being in service, the overall safety factor will be lower and equal to k. Then the 
relative reliability of the structure will be written as follows: 
/ 0L k k    (3) 
Where k is the actual safety factor adjusted for the given damage. 
The structural damage can be expressed in terms of these factors: 
E = 1- L   (4) 










   (5) 
where ȿkj is physical deterioration of system structures of j-form; Yj is significance coefficients of j-x types of 
structures; m is the total number of types of structures in the system. 
Physical deterioration of the system structure is calculated as follows: 
1
Pn iȿ ȿikj Pi k
 ¦
 
   (6) 
Here Ei is physical deterioration of a part of the structure; Pi is dimensions (length and area) of the affected area, 
measured in m, or m2; Pk is dimensions of the entire structure also in m or m2; n is the number of affected areas. 




    (7) 
where 0,75 is the minimum value of the safety factor for buildings and structures [24]; Ȝ is ratio of physical 
deterioration rate expressed in% and calculated as follows: 
. nn dO O O     (8) 
where Ȝn.d  is depreciation rate coefficient of a structure, based on operating conditions,%: 
ln /. L tn dO      (9) 
where t is the structure service life, in years, at the time of the inspection; 
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Ȝn is certified depreciation coefficient calculated as follows: 
100 / Tn nO     (10) 
here Ɍn. is certified service life of a building or a structure. 
3. Calculation of differential significance coefficients 
There is no clear guidance on how to estimate the value of the significance coefficients in scientific and 
engineering literature now. In practice, experts base their assumptions of the values on their experience, skills and 
subjective assessment. However, this approach does not reflect either the effect of where the stress-bearing 
structural unit belongs in the facility as a whole or what possible damage its collapse can cause. 
The authors use a different approach to the calculation of the significance coefficients of the structural element of 
the facility, namely, as the ratio of the weight or area of a possible collapse of the structural element due to its failure 
(accident) to the total weight or area of the structure. [25] 
Let us calculate the weight of reinforced concrete structural elements for a typical bridge over land reclamation 
canals with three spans of 9.0 m, 12.0 m and 9.0 m respectively. Bridge beams rest on two pile piers, with the pile 
cross-section being 30 × 30 cm and the grillage cross-section 60 × 50 cm, see Fig. 1. For the calculation, in-situ 
measurements were used performed during the bridge inspections [26]. 
 
 
Fig. 1. Sectional view of a typical bridge. 
The significance coefficients of reinforced-concrete and masonry structural elements were determined by 
calculating the weight of the structural elements and the entire bridgework. First, the weight percentage for each 
bridgework structural member was calculated, then it was added to the weight percentage of the structural members 
located above, since collapse of the underlying structure will lead to collapse of the overlying one. An example of 
calculating the significance coefficients for a reinforced concrete bridge on pile piers is shown in Table 1. 
These differential significance coefficients of less than unity, however, more accurately reflect the specific 
deterioration of bridgeworks. Unaccounted for in this calculation is only the under-bridge bed and the canal side walls, 
but as the wearing away of the banks and the canal bed can also lead to the deterioration of the entire bridgework, it is 
advisable to assume the significance coefficient to be equal to 1,0. 
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Table 1. Calculation of the significance coefficients for structural elements of a reinforced concrete bridge 





 Significance coefficients 
1 Pile piers  6,8 0,06 1,0 
2 Bridge T-beams 73,2 0,62 0,94 
3 Paving blocks 22,5 0,19 0,32 
4 Bituminous concrete pavement  9,0 0,08 0,13 
5 Footway 2,3 0,02 0,05 
6 Railing 3,6 0,03 0,03 
Total: 117,4 1,0  
 
Similar calculations of the weights of structural members were carried out for bridges with box beams, bridges with 
stone abutments and concrete troughs. The values of the significant coefficients were obtained for all types of structural 
members of typical bridges [27]. 
4. Example of calculating residual service life in accordance with the proposed methodology 
Consider an example of calculating the residual service life of reinforced concrete bridge on pile piers. The 
residual service life assessment of structural members of the bridge was carried out on the basis of the given 
damage. 
The significance coefficients for the bridge load-bearing elements are assumed based on the analysis of the 
structural design and planning solution of the bridge and its eventual deterioration in case of failure of any of the 
structural member. The relative estimate of the reliability of the bridgework is calculated by formula (5) and is 
shown in Table 2. 
Table 2.Condition categories and mean values of structural damage 
ʋ Symptoms of environmental impact on structural member Condition category Mean value of damage Significance coefficients 
1 Under-bridge bed Functional  0,05 1,0 
2 Pile piers Semi-functional 0,15 1,0 
3 Reinforced concrete longitudinal girders Semi-functional 0,15 0,9 
4 Precast reinforced concrete slabs Semi-functional 0,15 0,35 
5 Bituminous concrete pavement riding surface Functional 0,05 0,35 
6 Footway and railing structures  Functional 0,05 0,12 
 
The overall estimate of the damage to the bridge is evaluated as follows: 
0,05 1 0,15 0,1 0,15 0,9 0,15 0,35 0,05 0,35 0,05 0,12ȿ 0,11
1 1 0,9 0,35 0,35 0,12
            
       
  (11) 
The relative reliability of the bridge is as follows: 
1 1 0,11 0,89L ȿ        (12) 
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i. e. the category of the technical condition of the bridge with respect to the value of L is closer to the category 
semi-functional, therefore the given damage is indicative of a decrease in the bearing capacity of the bridge and of 
having to carry out routine maintenance. 
Since the bridge was put into operation in 1965, at the time of the evaluation its service life was 48 years. Then 
the deterioration rate based on the operating conditions calculated by formula (9) and expressed as percentage is: 
(ln / ) 100% (ln 0,89 / 48) 100% 0,243 %. L Ɍn dO   u   u   (13) 
Certified depreciation coefficient:
100 / 100 / 70 1, 43Tn nO       (14) 
Depreciation rate coefficient: 
0,243 1,43 1,673. nn dO O O      
   (15) 
The residual service life of the bridge: 




 u  u     (16) 
The residual service life of the bridge is 8,4 years. The value of the residual service life allows setting the 
timeframe of safe operation and performance of a planned overhaul of the bridge. 
The calculations have shown the feasibility of determining the residual service life of small reinforced concrete 
bridges on the roads of federal and regional significance. 
This methodology was described in the monograph "Inspection and determination of residual service life of 
bridges over reclamation canals of the Rostov region" and brought to practical application. 
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